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Glass composition for making magnetic disk substrates and magnetic disk substrate 



(57) A crystalllzable glass composition for produc- 
ing magnetic disk substrates which precipitates a main 
crystalline phase consisting of at least one kind 
selected from the group consisting of mullite and alumi- 
num borate crystals by a heat treatment and has a com- 
position: Si02: 20 to 45 % by weight, AI2O3: 25 to 45 % 
by weight, B2O3: 10 to 25 % by weight, MgO: 2 to 20 % 
by weight. U20: 0 to 2 % by weight, NaaO: 0 to 2 % by 
weight, and KgO: 0 to 3 % by weight, wherein LigO + 
Na20 + K2O is 0 to 5 % by weight, and a glass-ceramic 
magnetic disk substrate which is prepared by forming, 
the following heat treating, and the following polishing 
the crystalllzable glass composition. The glass compo- 
sition can easily be formed and the disk substrate can 
easily be polished, have excellent mechanical strength, 
surface flatness, surface smoothness, chemical durabil- 
ity, and heat resistance, and show no deterioration of 
magnetic film characteristics by alkali migration. 
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Description 




FIELD OF THE INVENTION 

The present Invention relates to a crystallizable glass composition for producing magnetic disk substrates and a 
magnetic disk substrate. More particularly, the present invention relates to an easily fbrmable crystallizable glass com- 
position for magnetic disk substrates, and a glass-ceramic magnetic disk substrate which can easily be polished, has 
excellent mechanical strength, surface flatness, surface smoothness, chemical durability, and heat resistance by pre- 
cipitation of at least one kind of crystal selected from the group consisting of mullite and aluminum borate crystals as a 
main crystalline phase, is suitable for application to hard disks of computers, and is obtained from the crystallizable 
glass composition. 

PRIOR ART OF THE INVENTION 

Magnetic disks are mainly used as recording media of computers. Aluminum alloys have heretofore been used as 
the material of magnetic disk substrates. However, In the recent trend for a smaller size, a thinner thickness, and a 
higher recording density of magnetic disks, a higher surface flatness and a higher surface smoothness are increasingly 
desired. Aluminum alloys cannot satisfy the desire, and a material fbr'magnetic disk substrates which can replace alu- 
minum alloys is required. 

The properties required for a magnetic disk substrate are flatness and smoothness of the disk surface, high 
strength, high hardness, chemical durability, migration resistance, and heat resistance of the disk substrate, and the 
like. Because aluminum alloys are inferior in strength and hardness, it is necessary that the thickness of the disk is 
increased and the surface is hardened. When the thickness of the disk is decreased, the following problem arises. 
Undulation is formed on the disk, and the surface flatness becomes inferior. As a result, the magnetic head nrare fre- 
quently clash into the disk to cause plastic deformation of the disk, and data crush takes place. Therefore, the flying 
height (the distance between the magnetic head and the magnetic disk) cannot be decreased, and therefore the record- 
ing density cannot be increased. Moreover, when the magnetic film Is made of platinum system alloys, a phenomenon 
that an electric potential is induced between the substrate of an aluminum alloy and the magnetic film, and the magnetic 
film is corroded because of the electrolytic corrosion occurs. 

As the substrate which can solve these problems of the aluminum alloy substrates, glass substrates for magnetic 
disks have been developed. The glass substrates are generally classified into two types which are the chemical 
strengthening type and the glass-ceramic type. 

It is indispensable for glass substrates off the chemical strengthening type that the glass contains an alkali compo- 
nent. The alkali component migrates to the surface of the substrates to make magnetic film characteristics deteriorate. 
Therefore, it is difficult to satisfy the increasing requirements for achieving a higher recording density. To prevent this 
phenomenon, an alkali barrier film must be formed. To obtain better start/stop characteristics (CSS characteristics) of 
a magnetic head, a roughness of angstroms to tens of angstroms is considered to be necessary on the surface of the 
substrate. For this purpose, glass substrates of the chemical strengthening type must be processed with a mechanical 
texture or a chemical texture after the final polishing, or a simultaneous texture during forming an alkali barrier film, and 
this causes a drawback in that the cost of production is increased. 

Glass substrates of the glass-ceramic type have been developed to improve the drawbacks of the aluminum alloy 
substrates and the glass substrates of the chemical strengthening type. Various glass compositions have been pro- 
posed for this purpose. However, most of these glass compositions contain large amounts of alkali components. For 
example, a glass-ceramic composition of SiOa-LiaO system is described in the specification of Japanese Patent Appli- 
cation Laid-Open No. Heisei 6(1994)-329440, In this composition, the alkali migration is suppressed because the alkali 
component is taken into the precipitated crystals to some extent. However, a considerable amount of the alkali conrpo- 
nent is left remaining in the matrix glass which Is not crystalline to cause the possibility that the magnetic film charac- 
teristics deteriorate by the alkali migration in a similar manner as that of the glass composition of the chemical 
strengthening type. There is another drawback in that the glass is harder because of a larger content of Si02 in the 
glass, and therefore the polishing speed cannot be increased. Moreover, when the amount of precipitation of the crystal 
is large, the polishing is still more difficult. When the amount of precipitation of the crystal is decreased in order to 
increase the polishing speed, the content of the alkali component in the matrix glass is increased, and therefore the 
magnetic film characteristics are adversely affected. 

Moreover, increasing the coercive force of a magnetic film has recently been attempted as a method of increasing 
the recording density. As a method of increasing the coercive force, a magnetic disk is heat treated at a high tempera- 
ture to promote segregation of Cr in a Cr layer which is an underlayer of the magnetic film. In this method, the temper- 
ature of the heat treatment must be Increased to about 650*»C, and the high temperature causes a problem that 
substrates of aluminum alloys, glass substrates of a chemical strengthening type, and glass-ceramic substrates con- 
taining a large amount of alkali components cannot be used as the disk substrate because of the low heat resistance. 
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SUMMARY OF T^E INVEI 




Accordingly, the present invention has the object of providing an easily formable crystallizable glass composition 
for producing magnetic disk substrates, and a magnetic disk substrate which can easily be polished, has excellent 
mechanical strength, surface flatness, surface smoothness, chemical durability, and heat resistance, and shows no 
deterioration of the magnetic film characteristics by alkali migration. 

As the result of the extensive studies undertaken by the present inventors to solve the problems described above, 
it has been discovered that a crystallizable glass composition having a specific composition which precipitates mullite 
and/or aluminum borate crystals by a heat treatment can easily be formed, and resultant glass-ceramic substrate can 
easily be polished and is excellent in the physical and chemical characteristics as a magnetic disk substrate. The 
present invention has been completed on the basis of the discovery. 

Thus, the present invention provides: 



(1) A crystallizable glass composition for producing magnetic disk substrates comprising, expressed in terms of 
weight percent on the oxide basis: 



from 20 to 45 % Si02; 
from25to45%Al203; 
from 10 to 25%B203; 
from 2 to 20 % MgO; 



from 0 to 2 % Li20; 
from 0 to 2 % Na20; 
from0to3%K2O; 



wherein, the total of the contents of Li20, Na20 and K2O is in a range of from 0 to 5 %; 
and wherein, in the course of being subjected to a heat treatment, said crystallizable glass composition precipitates 
a main crystalline phase consisting of at least one kind selected from the group consisting of mullite and aluminum 
borate crystals; 

(2) The crystallizable glass composition for producing magnetic disk substrates described in (1), wherein said crys- 
tallizable glass conposition comprising, expressed in terms of weight percent on the oxide basis: 



from 25 to 40 % Si02; 
from 28to40% AI2O3; 
from 13to22%B203; 
from 2 to 12% MgO; 
fromOto2%lJ20; 
from 0 to 2 % Na20; 
from 0 to 3 % K2O; 



fromOto10%CaO; 
from0to10%BaO; 
from0to10%ZnO; 
from0to10%TiO2; 
from0to10%P2O5; 



wherein, the total of the contents of Li20, Na20 and K2O is in a range of from 0 to 3 %; 
(3) The crystallizable glass composition for producing magnetic disk substrates described in (1 ), wherein said crys- 
tallizable glass composition comprising, expressed in terms of weight percent on the oxide basis: 



from20to45%SiO2; 
from 25 to 45% AI203; 
from 10to25%B2O3; 
from 2 to 20% MgO; 



from 0 to 2 % Li20; 
from 0 to 2 % Na20; 
from 0 to 3 % K2O; 
from 0.1 to8%Ti02; 
from 0.5to8%P2O5; 



wherein, the total of the contents of Li20, Na20 and K2O is in a range of from 0 to 3 %; 

(4) The crystallizable glass composition for producing magnetic disk substrates described in any of (1), (2), and (3), 
wherein said crystallizable glass composition further comprises up to 5 % CU2O by weight; 

(5) A glass-ceramic magnetic disk substrate which is prepared by forming, the following heat treating, and the fol- 
lowing polishing the crystallizable glass composition described in any of (1), (2), (3), and (4), wherein said disk sub- 
strate comprises a main crystalline phase consisting of at least one kind selected from the group consisting of 
mullite and aluminum borate crystals; and 

(6) The glass-ceramic magnetic disk substrate described in (5). wherein said disk substrate includes crystals hav- 
ing an average crystal grain size of 5 ^m or less, and has a surface roughness of Ra ^ 50 A. 



DETAILED DESCRIPTION OF THE INVENTION 



The crystallizable glass composition for producing magnetic disk substrates of the present invention comprises the 
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following composition in the fo^Jk)xides: SiO2:20 to 45 % by weight. Al203:25 to 4^^^ weight. B2O3: 10to 25% 
by weight. MgO: 2 to 20 % by ^/fl, LiaO: 0 to 2 % by weight. Na20: 0 to 2 % by weigfj^El KgO: 0 to 3 % by weight, 
wherein Li20 + Na20 + K2O is 0 to 5 % by weight; and precipitates a main crystalline phase consisting of at least one 
kind selected from the group consisting of mullite and aluminum borate crystals by a heat treatment. 

5 In the crystallizable glass composition for producing magnetic disk substrates of the present invention, where nec- 
essary, the following components may additionally be contained: CaO: 0 to 10 % by weight. SrO: 0 to 10 % by weight, 
BaO: 0 to 10 % by weight, ZnO: 0 to 10 % by weight, Ti02: 0 to 10 % by weight, P2O5: 0 to 10 % by weight, Zr02: 0 to 
5 % by weight. Sn02: 0 to 5% by weight, M0O3: 0 to 5 % by weight, WO3: 0 to 5 % by weight, CU20: 0 to 5 % by weight, 
Fe203: 0 to 5 % by weight, 1^203: 0 to 5 % by weight, V2O5: 0 to 5 % by weight, and Nb205: 0 to 5 % by weight. 

10 In the composition of the present invention, Si02 is a glass network-former and a component of mullite 
(3AI2O3 • 2Si02) which is the main crystalline phase precipitated by a heat treatment. When the content of Si02 is less 
than 20 % by weight, the precipitation of mullite becomes difficult, and also there is the possibility that the chemical 
durability of the remaining glass matrix phase and the heat resistance of the glass-ceramic substrate become inferior. 
When the content of Si02 is more than 45 % by weight the composition is in a stable glass formation region, and the 

15 precipitation of the crystals becomes difficult. Moreover, the melting temperature is excessively high, and there is the 
possibility that the production becomes difficult. Considering the amount of the precipitation of the crystals, the chemi- 
cal durability, the heat resistance, and the productivity, it is preferable that the content of SIO^ is in a range of from 25 
to 40 % by weight. It is more preferable that the content of Si02 is in a range of from 27 to 37 % by weight. 

In the composition of the present invention, AI2O3 is an intermediate oxide of the glass and a component of mullite 

20 and aluminum borate crystals which are the main crystalline phases precipitated by a heat treatment. When the content 
of AI2O3 is less than 25 % by weight, the amount of the precipitation of the crystals is small, and there is the possibility 
that the strength required for a magnetic disk substrate cannot be obtained, and the heat resistance is inferior. When 
the content of AI2O3 is more than 45 % by weight, the melting temperature is excessively high, and the composition 
tends to be devitrif led to cause the possibility that the forming cannot easily be made. Considering the strength, the heat 

25 resistance, and the forming property, it is preferable that the content of AI2O3 is in a range of from 28 to 40 % by weight. 
It is more preferable that the content of AI2O3 is in a range of from 30 to 38 % by weight. 

In the composition of the present invention, B2O3 plays the role as a flux and also is a component of the aluminum 
borate crystals. When the content of B2O3 is less than 10 % by weight, there is the possibility that the melting temper- 
ature is excessively high. When the content of B2O3 is more than 25 % by weight, the composition tends to be devitrif led 

30 to cause the possibility that the forming cannot easily be made. Considering the melting property and the forming prop- 
erty, it is preferable that the content of B2O3 is in a range of from 13 to 22 % by weight. It is more preferable that the 
content of B2O3 is in a range of from 15 to 20 % by weight. 

In the composition of the present invention. MgO is a glass network-modifier and has the function of extending the 
working temperature range and increasing the chemical durability of the remaining glass matrix phase. When the con- 

35 tent of MgO is less than 2 % by weight, the working temperature range becomes narrower, and also there is the possi- 
bility that the chemical durability of the remaining glass matrix is not increased. When the content of MgO is more than 
20 % by weight, the main crystalline phase precipitated by a heat treatment is cordierite (2MgO • 2AI2O3 • 5Si02). and 
therefore there is the possibility that the strength required for a magnetic disk substrate cannot be obtained. Consider- 
ing the working property, the chemical durability, and the strength, it is preferable that the content of MgO is in a range 

40 of from 2 to 12 % by weight. It is more preferable that the content of MgO is in a range of from 3 to 10 % by weight. 

In the composition of the present Invention, Li20. Na20, and K2O are each a flux and improve the melting property 
of the composition. When the migration resistance of the magnetic disk substrate is taken into consideration, it is pre- 
ferred that these alkali components are not contained. However, the alkali components are used for improving the melt- 
ing property and the forming property when the basic composition requires the Improvement. IJ2O, Na20, or K2O may 

45 be used alone, or two or more components selected from Li20, Na20, and K2O may be used in combination. In order 
to keep the migration resistance of the magnetic disk substrate as high as possible, it is preferred that two or more com- 
ponents are used In combination. When two components selected from LI2O, Na20. and K2O are used in combination, 
any combination of two components may be used. In order to keep the migration resistance of the magnetic disk sub- 
strate as high as possible, the combination of IJ2O and K2O is most preferable. In the composition of the present inven- 

50 tion. the contents of U2O and Na20 are each 0 to 2 % by weight, the content of K2O Is 0 to 3 % by weight, and the total 
of the contents of Li20, Na20, and K2O Is 0 to 5 % by weight, preferably 0. 1 to 3 % by weight when the melting property, 
the forming property, the migration resistance, and the heat resistance are taken into consideration. Moreover, it is more 
preferable that the total of the contents of LiaO, NaaO, and K2O is 0.3 to 1 .5 % by weight. When the content of LI2O or 
Na20 is more than 2 % by weight, or when the content of K2O is more than 3 % by weight, or when the total of the con- 

55 tents of Li20. Na20, and K2O is more than 5 % by weight, there is the possibility that the migration resistance and the 
heat resistance of the magnetic disk substrate is decreased. Because the alkali free glass-ceramics or the low alkali- 
containing glass-ceramics is produced as described above, the disk substrates of the present invention can keep the 
excellent magnetic film characteristics without forming an alkali barrier film on the magnetic disk substrate. 

CaO, SrO and BaO which may additionally be contained In the composition of the present invention where neces- 
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sary are glass network-mQ|fc|s. These cx)mponents have the function of extenc^^^e working temperature range 
and, moreover. increasing^^^Piemical durability of the remaining glass matrix phl^^hen the content of CaO. SrO 
or BaO is more than 10 % by weight, the glass becomes excessively stable, and therefore there is the possibility that 
the amount of the precipitation of the crystals is decreased. Considering the working property, the chemical durability, 
and the amount of the precipitation of the crystals, it is preferable that the contents of CaO, SrO, and BaO are each in 
a range of from 0.1 to 7 % by weight. It is more preferable that the contents of CaO, SrO, and BaO are each in a range 
of from 0.5 to 5 % by weight. 

ZnO which may additionally be contained in the composition of the present invention where necessary plays the 
role as a flux and has the function of increasing the chemical durability of the remaining glass matrix phase. By replac- 
ing a part of B2O3 as the flux with ZnO. the amount of B2O3 which tends to vaporize during melting can be decreased. 
When the content of ZnO is more than 1 0 % by weight, there is the possibility that the amount of the predpitation of the 
crystals is decreased. Considering the melting property, the chemical durability, and the amount of the precipitation of 
the crystals, it is preferable that the content of ZnO is in a range of from 0 to 7 % by weight. It is more preferable that 
the content of ZnO is in a range of from 0.1 to 5 % by weight. 

TiOg, P2O5, Zr02, Sn02. M0O3, and WO3 which may additionally be contained in the composition of the present 
invention where necessary play the role of nuclear-forming agents. Ti02 and P2O5 work also as a flux. However, when 
the content of Ti02 or P2O5 is more than 10 % by weight, there is the possibility that the glass tends to be devitrified 
during the forming. Considering the amount of the precipitation of the crystals, the crystal grain size, the melting prop- 
erty, and the forming property, it is preferable that the content of Ti02 is in a range of from 0.1 to 8 % by weight. It is 
more preferable that the content of Ti02 is in a range of from 0.5 to 6 % by weight. Considering the amount of the pre- 
cipitation of the crystals, the crystal grain size, the melting property, and the forming property, it is preferable that the 
content of P2O5 is in a range of from 0.5 to 8 % by weight. It is more preferable that the content of P2O5 is in a range of 
from 1 to 7 % by weight. Zr02 and Sn02 play the role of nuclear-forming agent even when small amounts are used and 
also have the function of increasing the chemical durability of the remaining glass nnatrix phase. When the content of 
Zr02 or Sn02 is more than 5 % by weight, it is difficult to achieve uniform melting and the batch stones remain. As the 
result, there is the possibility that increase in the melting temperature is brought about. M0O3 and WO3 have the func- 
tion of accelerating crystallization in a glass containing a large anrK)unt of the B2O3 component. When the content of 
M0O3 or WO3 is more than 5 % by weight, there is the possibility that the glass is devitrified during the forming. 

CU2O, Fe203, La203, V2O5. and Nb205 which may additionally be contained in the composition of the present 
invention where necessary have the function of stabilizing the glass, extending the working temperature range, and 
therefore increasing the forming property When the content of CU2O, Fe203, La203. V2O5, or Nb205 is more than 5 % 
by weight, the glass becomes excessively stable, and there is the possibility that the amount of the precipitation of the 
crystals is decreased. Considering the amount of the precipitation of the crystals, it is preferable that the contents of 
CU2O, Fe203, La203. V2O5, and Nb205 are each in a range of from 0 to 3 % by weight. Particularly, CU2O has the same 
function as alkali components have, and therefore by means of being contained CU2O, the total of the contents of alkali 
metal oxides can be decreased. Moreover, in case of laser texturing, copper contained in the glass-ceramic disk sub- 
strate can absorb the light of the wavelength of the laser beam, and therefore the texture can effectively be formed. 
Because of above mentioned reasons, it is preferable that the content of CU2O is at least 0.1 % by weight. It is more 
preferable that the content of CU2O is at least 0.3 % by weight. 

In the composition of the present invention, PbO, 81203. F2, CS2O, CuO, and the like may additionally be contained 
within the range that the properties required for the magnetic disk substrate are not adversely affected. 

The crystallizable glass composition for producing magnetic disk substrates of the present invention precipitates a 
main crystalline phase consisting of at least one kind selected from the group consisting of mullite and aluminum borate 
crystals in the course of being subjected to a heat treatment. The mullite crystal has a cylindrical shape of a low aspect 
ratio. The aluminum borate crystals are crystals having, for example, a composition of AI18B4O33, Al5(B03)06, or the 
like, and have a cylindrical shape of a tow aspect ratio. A crystal having a cylindrical shape of a low aspect ratio, such 
as those described above, does not cause falling-off of the crystal during the polishing. The falling-off of crystals has 
been the problem up to the present. Because both mullite and aluminum borate crystals have high mechanical strength 
characteristics, the mechanical strength required for the magnetic disk substrate can sufficiently be obtained even when 
the content of the crystals are held low. and furthermore, the polishing speed can be increased. 
^ In the crystallizable glass composition for producing magnetic disk substrates of the present invention, subordinate 
crystalline phases, such as cordierite, Mg-spinel, Zn-spinel, anorthite, celsian, rutile, forsterite. enstatite. willemite. lith- 
ium aluminosilicate system, and the like, are sometimes precipitated by the heat treatment in addition to the main crys- 
talline phase described above. The characteristics of the composition of the present invention are not adversely 
affected by the precipitation of these subordinate crystalline phases. 

The magnetic disk substrate of the present invention is a glass-ceramic magnetic disk substrate comprising the 
main crystalline phase consisting of at least one kind selected from the group consisting of mullite and aluminum borate 
crystals, which is prepared by forming, the following heat treating, and the following polishing the crystallizable glass 
composition for magnetic disk substrates of the present invention. The process for forming the crystallizable glass com- 
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position is not particularly limi|jfl^d the forming can be conducted by the press forr^^* the casting-slice forming 
of a glass melted by heating i^^pinace or by direct electric melting. The. process io^m treating the formed glass 
composition is not particularly limited, and a suitable process can be selected in accordance wrth the content of the 
nuclear-forming agent and the like. A process in which many crystal nuclei are formed by a heat treatment at a relatively 

5 low temperature, and then crystals are allowed to grow at an elevated temperature, is preferable in order to obtain fine 
crystal grains. The crystallizable glass composition of the present invention precipitates the main crystalline phase con- 
sisting of at least one kind selected from the group consisting of mullite and aluminum borate crystals in the course of 
being subjected to the heat treatment. The process for polishing the glass-ceramic substrate after the heat treatment is 
not particularly limited. The polishing can be conducted in accordance with a conventional process by using, fa exam- 

10 pie. synthetic abrasive grains, such as synthetic diamond, silicon carbide, aluminum oxide, boron carbide, c-BN. silica, 
zirconium oxide, and the like, or natural abrasive grains, such as natural diamond, cerium oxide, and the like. 

The glass-ceramic magnetic disk substrate of the present Invention preferably has an average crystal grain size of 
5 ^im or less, more preferably an average crystal grain size of 3 ^im or less, much more preferably an average crystal 
grain size of 1 jim or less. When the average crystal grain size is more than 5 |im, the mechanical strength of the mag- 

15 netic disk substrate is decreased, and moreover, there is the possibility that felling-off of crystal grains takes place dur- 
ing the polishing to cause inferior surface roughness of the substrate. 

The glass-ceramic magnetic disk substrate of the present invention preferably has a surface roughness of Ra 50 
A. which is obtained in accordance with Japanese Industrial Standard B 060M994. Ra has a great influence on 
achieving a smaller size, a thinner thickness, and a higher recording density of a magnetic disk. When Ra is more than 

20 50 A. the flying height cannot be decreased, and therefore there is the possibility that a high recording density cannot 
be achieved. Considering the higher recording density of the magnetic disk, it Is preferable that Ra is 30A or less. It is 
more preferable that Ra is 15A or less. 

By using the crystallizable glass composition of the present Invention, an excellent glass-ceramic magnetic disk 
substrate comprising the main crystalline phase consisting of at least one kind selected from the group consisting of 

25 mullite and aluminum borate crystals and having a high strength, a high hardness, a good chemical durability, and a 
high heat resistance can be obtained. Because the composition of the present invention is alkali free or low alkali-con- 
taining, a high migration resistance of the magnetic disk substrate can be achieved, and therefore the magnetic film 
characteristics are kept at the highest level. 

The glass-ceramic magnetic disk substrate of the present Invention sufficiently satisfies all the flatness and the 

30 smoothness of the disk surface, the high strength, the high hardness, the chemical durability, the heat resistance, and 
the migration resistance of the disk substrate which are required for a magnetic disk substrate. The glass-ceramic mag- 
netic disk substrate of the present invention can more easily be polished than conventional glass-ceramic substrates, 
such as a Li20-Si02 system glass-ceramic substrate. The crystal grain size and the amount of the precipitation of the 
crystals can be controlled by gradually changing the heat treatment schedule or the glass composition, and the fbrma- 

35 tion of the texture can be conducted simultaneously with the polishing in the final polishing process. 

To summarize the advantages obtained by the present invention, the crystallizable glass composition of the present 
invention can easily be formed, precipitates a main crystalline phase consisting of at least one kind selected from the 
group consisting of mullite and alunfiinum borate crystals by a heat treatment, and the disk substrate is easily polished. 
The glass-ceramic magnetic disk substrate having the excellent mechanical strength, surface flatness, surface smooth- 

40 ness, chemical durability, heat resistance, and migration resistance can be prepared from the crystallizable glass com- 
position. 

The present invention is described In more detail In the following with reference to examples. However, the present 
invention is not limited by the examples. 

The raw materials used in the examples and the comparative examples are: SiOg. AI(0H)3, H3BO3. Mg(0H)2, 
45 CaCOa, SrCOa, BaCOa. ZnO. TiOg, ZrOg, AIPO4. SnOg. M0O3. WO3. LasOa, FegOs, VgOg. NbgOs. CuaO. U2CO3, 
Na2C03, and K2CO3. 

In the examples and the comparative examples, the kind of the crystalline phase, the crystal grain size, and Ra 
were measured by the following methods. 

50 (1) Kind of the crystalline phase 

The obtained polished product was examined by using an X-ray diffracfion apparatus. 
(2) Crystal grain size 

A sample was prepared by dipping the obtained polished product in a 5 % by weight hydrofluoric acid for 5 sec- 
onds. The surface of the sample was observed by a scanning electron microscope. In the observed field of a 
55 10,000 times magnification, 10 crystal grains were selected at random, and the crystal grain size was obtained as 
the average of longer diameters of these crystal grains, 
{3)Ra 

The surface of the obtained polished product was observed by using an atomic force microscope (a product of 
Digital Instruments Company). On the surface of the sample, 5 parts were selected at random. In each part. 4 lines 
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snJj^e observed field of 10 x 10 fim, and Ra alonj^^ 
BgiPrsO measuremerrts in total. 



were drawn at randonflBpe observed field of 10 x 10 fim, and Ra alonj^^ line was measured. Ra was 
obtained as the averal 



Example 1 

5 

Raw materials for the components are weighed and mixed in such amounts that the glass composition would have 
the following composition: SiOg: 23 % by weight. AI2O3: 40 % by weight. B2O3: 20 % by weight. MgO: 1 0 % by weight. 
CaO: 2 % by weight, BaO: 2 % by weight, ZnO: 2 % by weight, and LIgO: 1 % by weight. The obtained mixture was 
placed in a platinum crucible in an electric furnace, melted, and stirred to obtain a homogeneous glass. Then, the 
TO obtained homogeneous glass was formed Into a plate of 50 x 50 x 5 mm. The obtained plate was annealed and cooled 
to obtain a formed product. 

The obtained formed product was heat treated at 700"C for 2 hours, and then at 870*»C for 2 hours to precipitate 
CTystalline phase in the glass. The surface of the heat treated product was treated with lapping for 30 minutes by using 
silicon carbide abrasive grains having the average grain diameter of 10 jim, and then polished for 15 minutes with 
15 cerium oxide abrasive grains having the average grain diameter of 1 jim to obtain a polished product. 

The polished product contained the main crystalline phase consisting of aluminum borate crystals and mulllte. The 
content of other crystals in the product was very small. The crystal grain size was 1 .4 jim, and Ra was 22 A. 

Examples 2 to 16 

20 

Glass compositions were formed and heat treated in accordance with the same procedures as those in Example 1 
in accordance with the conditions shown in Table 1 . The obtained glass-ceramic products were polished in accordance 
with the same procedures as those in Example 1 . 

The kind of the crystalline phase, the crystal grain size, and Ra in the obtained polished glass-ceramic products 
25 were measured. The results are shown in Table 1 . 
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# 




Table 1 ■ 


1 








Example 


1 


2 


3 


4 


5 


6 


Composition (% by weight) 














SiOa 


23 


26 


30 


32 


33 


34 


AI2O3 


40 


43 


39 


32 


30 


35 


B2O3 


20 


15 


12 


20 


23 


17 


MgO 


10 


8 


10 


5 


13 


8 


CaO 


2 


3 


2 


4 




- 


SrO 


- 


- 


- 


- 




- 


BaO 


2 


3 


2 


5 




- 


ZnO 


2 




3 


- 




3 


TiOg 


- 




- 


- 




- 


Zr02 


- 




1 


- 




- 


P2O5 


- 




- 






- 


Sn02 


- 




- 


- 






M0O3 


- 




- 


1 




- 


WO3 


- 




- 


- 




- 




1 




1 


- 




- 


Na20 


- 


2 


- 


- 






K2O 


- 


- 


- 


- 


1 




heat treatment 1 














temperature (**C) 


700 


700 


700 


650 


650 


700 


time (hr) 


2 


2 


2 


2 


2 


2 


heat treatment 2 














temperature (^'C) 


870 


850 


860 


900 


830 


900 


time (hr) 


2 


2 


2 


2 


2 


5 


kind of the predominant 
crystalline phase* 


Al-B 
mullite 


mullite 
Al-B 


mullite 


mullite 
Al-B 


Al-B 
mullite 


mullite 
Al-B 


kind of the subordinate crys- 
talline phase 


- 
■ 


- 

- 


- 
- 


- 
- 


cordierite 
- 


- 

- 


crystal grain size (^m) 


1.4 


0.7 


0.7 


1.8 


0.5 


3.8 


Ra (A) 


22 


7 


10 


19 


4 


30 



* Al-B: aluminum borate crystats 
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Table 1-2 



Example 


7 


8 


9 


10 


11 


Composition (% by weight) 












SiOo 


36 


36 


37 


40 


44 


AloO') 


27 


34 


33 


30 


26 




15 


16 


11 


11 


18 


MgO 


19 


8 


3 


5 


5 


CaO 








7 


2 


SrO 








1 


_ 


BaO 






- 




- 


ZnO 




_ 


9 




2 


TiOa 






6 


_ 


- 


ZrO? 










• 


P205 








_ 




Sn02 












M0O3 








- 


- 


WO3 




• 




- 


- 


U2O 


1 






1 


2 


NagO 


1 






- 


- 


KgO 


1 


1 




- 


1 


heat treatment 1 












temperature C'C) 


700 


680 


680 


630 


650 


time (hr) 


2 


2 


2 


3 


2 


heat treatment 2 












temperature (**C) 


830 


950 


850 


830 


880 


time (hr) 


2 


2 


2 


2 


5 


kind of the predominant 
crystalline phase* 


Al-B 


muilite 
Al-B 


muilite 


muilite 
- 


muilite 
Al-B 


kind of the sulx>rdinate 
crystalline phase 


cordierite 


rutile 


Al-B 
Zn-spinel 
rutile 


Al-B 
anorthite 


- 


crystal grain size (^m) 


0.5 


4.5 


0.6 


0.5 


2.1 


Ra (A) 


5 


38 


5 


5 


24 



• Al-B: aluminum borate crystals 
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Table 1 - 3 



Example 


12 


13 


14 


15 


16 


Composition (% by weight) 












SiOo 


35 


33 


32 


32 


31 




35 


35 


33 


34 


33 


BoOo 


16 


17 


16 


15 


18 


MgO 


5 


8 


5 


5 


7 


CaO 


3 




1.2 


1.5 


1.5 


SrO 


_ 




0.8 


- 


- 


BaO 


0.5 








0.5 


ZnO 


0.5 




1 


1 


2 


TiOg 


2 


4 


4 


4.5 


3 


P2O5 


1.5 


1 


5 


5.6 


3 


LaaOa 


0.5 


- 


- 


- 


- 


FegOa 




0.5 


- 


- 


- 


V2O5 




0.5 




- 




NbgOg 






1 


- 


- 


CU2O 


- 


- 


• 


0.4 


1 


U2O 


1 


1 


1 


1 


- 


NagO 








- 


- 


K2O 




- 


- 


- 


- 


heat treatment 1 












temperature f^C) 


680 


690 


680 


680 


695 


time (hr) 


2 


2 


2 


2 


2 


heat treatment 2 












temperature f^C) 


850 


900 


950 


960 


900 


time (hr) 


2 


2 


2 


2 


2 


kind of the predominant 
crystalline phase* 


mullite 
Al-B 


muH'rte 
Al-B 


mullite 
Al-B 


mullite 
Al-B 


mullite 
Al-B 


kind of the subordinate 
crystalline phase 




rutile 


rutile 


rutile 


rutile 


crystal grain size (jim) 


0.7 


0.6 


0.8 


0.8 


0.7 


Ra (A) 


8 


7 


8 


6 


7 



* Al-B: aluminum borate crystals 



All the polished glass-ceramic products of the present invention prepared by forming, the following heat treating, 
and the following polishing the crystallizable glass compositions in Examples 1 to 16 contained mullite, aluminum 
borate crystals, or both as the main crystalline phase. The crystal grain size of the precipitated crystals was in the range 
of 0.5 to 4.5 ^im, and Ra was in the range of 4 to 38 A. The glass-ceramic products had the desirable characteristics as 
magnetic disk substrates. 
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Comparative Example 1 




Raw materials for the components are weighed and mixed in such amounts that the glass composition would have 
the following composition: SiOa: 1 8 % by weight, AI2O3: 40 % by weight. B2O3: 20 % by weight. MgO: 1 5 % by weight, 
ZnO: 3 % by weight, TiOg: 2 % by weight, ZrOa: 1 % by weight, and U20: 1 % by weight. The obtained mixture was 
placed in a platinum crucible in an electric furnace, melted, and stirred to obtain a homogeneous glass. Then, the 
obtained homogeneous glass was formed into a plate of 50 x 50 x 5 mm. The obtained plate was annealed and cooled 
to obtain a formed product. 

The obtained formed product was heat treated at 680*»C for 2 hours, and then at 850*'C for 2 hours to precipitate 
crystalline phase in the glass. The surface of the heat treated product was treated with lapping for 30 minutes by using 
silicon carbide abrasive grains having the average grain diameter of 10 jim. and then polished for 15 minutes with 
cerium oxide abrasive grains having the average grain diameter of 1 \im to obtain a polished product. 

The polished product contained the main crystalline phase consisting of aluminum borate crystals. The content of 
other crystals in the product was very small. The crystal grain size was 1 ,2 ^m, and Ra was 21 A. 

As for the kind of the aystalline phase, crystal grain size, and Rg. the obtained glass-ceramic product had the char- 
acteristics required for the magnetic disk substrate of the present invention. However, the chemical durability of this 
product was inferior because the content of SiOa in the glass composition was insufficient. 



Comparative Example 2 

Raw materials for the components are weighed and mixed in such amounts that the glass composition would have 
the following composition: SiOa: 25 % by weight. AI2O3: 48 % by weight, B2O3: 15 % by weight, MgO: 8 % by weight. 
ZnO: 1 % by weight. U20: 1 % by weight. Na20: 1 % by weight, and K20: 1 % by weight. The obtained mixture was 
placed in a platinum crucible in an electric furnace, melted, and stirred to obtain a honrwgeneous glass. This glass com- 
position was devitrif led and could not be formed because the content of AI2O3 in the glass composition was excessively 
large. 



Comparative Exanple 3 

Raw materials for the components are weighed and mixed In such amounts that the glass composition would have 
the following composition: Si02: 25 % by weight. AI2O3: 28 % by weight, B2O3: 28 % by weight. MgO: 12 % by weight. 
CaO: 2 % by weight. BaO: 2 % by weight, ZnO: 1 % by weight, and Ti02: 2 % by weight. The obtained mixture was 
placed in a platinum crucible in an electric furnace, melted, and stirred to obtain a homogeneous glass. This glass com- 
position was devitrif led and could not be formed because the content of B2O3 in the glass composition was excessively 
targe. 



Comparative Exanple 4 

Raw materials for the components are weighed and mixed in such amounts that the glass composition would have 
the following composition: Si02: 30 % by weight. AI2O3: 30 % by weight, B2O3: 12 % by weight, MgO: 23 % by weight, 
CaO: 2 % by weight, ZnO: 2 % by weight, and UgO: 1 % by weight. The obtained mixture was placed in a platinum cru- 
cible in an electric furnace, melted, and stirred to obtain a homogeneous glass. Then, the obtained homogeneous glass 
was formed into a plate of 50 x 50 x 5 mm. The obtained plate was annealed and cooled to obtain a formed product. 

The obtained formed product was heat treated at 700*»C for 2 hours, and then at 950**C for 2 hours to precipitate 
crystalline phase in the glass. The surface of the heat treated product was treated with lapping for 30 minutes by using 
silicon carbide abrasive grains having the average grain diameter of 10 ^m. and then polished for 15 minutes with 
cerium oxide abrasive grains having the average grain diameter of 1 jim to obtain a polished product. 

The polished product contained the main crystalline phase consisting of cordierite. The content of other crystals in 
the product was very small. The crystal grain size was 3.9 ^m, and Ra was 38 A. 

This glass-ceramic product contained cordierite as the main crystalline phase because the amount of MgO was 
excessively large, and therefore had a low strength. 

The compositions of the glass compositions in Comparative Examples 1 to 4 and the results of the evaluation are 
shown in Table 2. 
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Table 2 



Comparative Example 


1 


2 


3 


4 


Composition {% by weight) 










SiOa 


18 


25 


25 


30 


AI2O3 


40 


48 


28 


30 


B2O3 


20 


15 


28 


12 


MgO 


15 


8 


12 


23 


CaO 






2 


2 


BaO 


_ 




2 




ZnO 


3 


1 


1 


2 


TiOg 


2 




2 




Zr02 


1 








P2O5 




_ 


_ 




Sn02 






_ 




M0O3 


- 


- 






WO3 










U2O 




1 




1 


NasO 


- 


1 




_ 


K2O 


- 


1 


- 


- 


heat treatment 1 










temperature f^C) 


680 


- 


- 


700 


time (hr) 


2 


- 


- 


2 


heat treatment 2 










temperature f^C) 


850 


- 


- 


950 


time (hr) 


2 






2 


kind of the predominant 
crystalline phase* 


Al-B 
- 


- 
- 


- 


cordierite 
- 


kind of the subordinate 
crystalline phase 










crystal grain size (^m) 


1.2 






3.9 


Ra (A) 


21 






38 



* Al-B: aluminum borate crystals 



Claims 

1 . A crystailizable glass composition for producing magnetic disk substrates comprising, expressed in temns of weight 
percent on the oxide basis: 

from 20 to 45 % Si02; from 0 to 2 % LigO; 

from 25 to 45 % AI203; from 0 to 2 % Na20; 

from 10 to 25 % B2O3; from 0 to 3 % K2O; 



EP0755901 A2 



from2to20%MgQ| 



wherein, the total of the contents of LigO. Na20 and KgO is in a range of from 0 to 5 %: 
and wherein, in the course of being subjected to a heat treatment, said aystallizable glass composition precipitates 
a main crystalline phase consisting of at least one kind selected from the group consisting of mullite and aluminum 
borate crystals. 

2. The crystallizable glass composition for producing magnetic disk substrates according to Claim 1, wherein said 
crystallizable glass composition comprising, expressed in terms of weight percent on the oxide basis: 



from25to40%SiO2; 

from28to40%Al2O3; 

from13to22%B203; 

from2to12%MgO; 

from0to2%U2O; 

from0to2%Na2O: 

from0to3%K2O: 



fromOto10%CaO; 
fromOto10%BaO; 
fromOto10%ZnO 
from0to10%TiO2i 
from0to10%p2O5; 



wherein, the total of the contents of U2O, Na20 and KgO is in a range of from 0 to 3 %. 

3. The crystallizable glass composition for producing magnetic disk substrates according to Claim 1, wherein said 
crystallizable glass composition comprising, expressed in terms of weight percent on the oxide basis: 

from 20 to 45 % Si02; from 0 to 2 % U2O; 

from 25 to 45 % AI2O3; from 0 to 2 % Na20; 

from 10 to 25 % B2O3; from 0 to 3 % KgO: 

from 2 to 20 % MgO; from 0. 1 to 8 % Ti02: 

from 0.5tD8%P2O5; 



wherein, the total of the contents of Li20, Na20 and K2O is in a range of from 0 to 3 %. 

4. The crystallizable glass composition for producing magnetic disk substrates according to any of Claims 1 . 2, and 
3, wherein said crystallizable glass composition further comprises up to 5 % CU2O by weight. 

5. A glass-ceramic magnetic disk substrate which is prepared by forming, the following heat treating, and the following 
polishing the crystallizable glass composition described in any of Claims 1.2.3, and 4, wherein said disk substrate 
comprises a main crystalline phase consisting of at least one kind selected from the group consisting of mullite and 
aluminum borate crystals. 

6. The glass-ceramic magnetic disk substrate according to Claim 5, wherein said disk substrate includes crystals hav- 
ing an average crystal grain size of 5 \ivo or less, and has a surface roughness of Ra ^ 50 A. 
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